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STORAGE DEVICE AND OPERATING the write data based on compression settings corresponding 
METHOD THEREOF to the first zone , and write the compressed write data into the 

first zone . 
CROSS - REFERENCE TO RELATED According to another aspect of at least one example 

APPLICATION 5 embodiment of the inventive concepts , there is provided an 
operating method of a storage device including a storage 

This U.S. non - provisional application claims the benefit device including a non - volatile memory including a plurality 
of priority under 35 U.S.C. $ 119 to Korean Patent Appli of zones , the non - volatile memory configured to store data , 
cation No. 10-2020-0021033 , filed on Feb. 20 , 2020 , in the the operating method including receiving , using processing 
Korean Intellectual Property Office , the disclosure of which 10 circuitry , a first write command and first data from a host , 
is incorporated herein in its entirety by reference . identifying , using the processing circuitry , a first zone of the 

plurality of zones based on a first logical address included in 
BACKGROUND the first write command , compressing , using the processing 

circuitry , the first data based on compression settings cor 
Various example embodiments of the inventive concepts 15 responding to the first zone , and writing the compressed first 

data into the first zone . relate to a storage device , a storage system , and / or an 
operating method thereof , and more particularly , to a storage BRIEF DESCRIPTION OF THE DRAWINGS device , a storage system , and / or an operating method 
thereof , which set a plurality of zones of a non - volatile Various example embodiments of the inventive concepts 
memory on the basis of an attribute of write data , and will be more clearly understood from the following detailed 
compress and store the write data according to a compres- description taken in conjunction with the accompanying 
sion method corresponding to the plurality of zones . drawings in which : 
A data center may store various pieces of data by using a FIG . 1 is a block diagram illustrating a storage system 

storage device , such as a solid state drive ( SSD ) , etc. , and 25 according to at least one example embodiment ; 
may provide a service . SSDs may store hot data , which FIG . 2 is a block diagram illustrating a storage device 
refers to data which is frequently accessed , and cold data , according to at least one example embodiment ; 
which refers to data which is relatively less accessed . SSDs FIG . 3 is a diagram illustrating a zone management table 
based on the related art randomly store hot data and cold according to at least one example embodiment ; 
data without classification therebetween . Therefore , in the 30 FIG . 4 is a conceptual diagram illustrating a data com 
SSDs based on the related art , compression efficiency is pression operation according to at least one example 

embodiment ; reduced , and a write amplification factor ( WAF ) increases 
due to frequent garbage collection . FIG . 5 is a conceptual diagram illustrating a data com 

pression operation based on a write command unit according 
SUMMARY 35 to at least one example embodiment ; 

FIG . 6 is a conceptual diagram illustrating a data com 
Various example embodiments of the inventive concepts pression operation based on a block unit according to at least 

one example embodiment ; provide a storage device , a storage system , and / or an oper FIG . 7 is a conceptual diagram illustrating a data write ating method thereof , which set a plurality of zones of a 40 operation according to at least one example embodiment ; non - volatile memory based on an attribute of write data , and FIG . 8 is a conceptual diagram illustrating an operation of compress and store the write data based on a compression updating a write pointer , according to at least one example 
method corresponding to the plurality of zones . embodiment ; According to an aspect of at least one example embodi FIG.9 is a conceptual diagram illustrating an operation of 
ment of the inventive concepts , there is provided a storage 45 transferring compression information according to at least 
device including a non - volatile memory including a plurality one example embodiment ; 
of zones , the non - volatile memory configured to sequen- FIG . 10 is a diagram illustrating a mapping table accord 
tially store data in at least one of the plurality of zones , and ing to at least one example embodiment ; 
processing circuitry configured to , receive a first write FIG . 11 is a flowchart illustrating a write operation 
command and first data from a host , the first write command 50 performed between a host , a controller , and a non - volatile 
including a first logical address , identify a first zone of the memory according to at least one example embodiment ; 
plurality of zones based on the first logical address , com- FIG . 12 is a flowchart illustrating a write operation 
press the first data based on compression settings corre- performed between a zone management circuitry , a com 
sponding to the first zone , and write the compressed first pression / decompression circuitry , and non - volatile 
data to the first zone . 55 memory according to at least one example embodiment ; 

According to another aspect of at least one example FIG . 13 is a flowchart illustrating a read operation per 
embodiment of the inventive concepts , there is provided a formed between a host , a controller , and a non - volatile 
storage system including a host and a storage device includ- memory according to at least one example embodiment ; 
ing a non - volatile memory and processing circuitry , the FIG . 14 is a flowchart illustrating a read operation per 
non - volatile memory including a plurality of zones and 60 formed between a zone management circuitry , a compres 
configured to sequentially store data , and the processing sion / decompression circuitry , and a non - volatile memory 
circuitry configured to control the non - volatile memory , according to at least one example embodiment ; 
wherein the host is configured to transfer write data and a FIG . 15 is a flowchart illustrating an operating method of 
write command including a logical address to the storage a storage device according to at least one example embodi 
device , and the storage device is configured to , in response 65 ment ; 
to the write command from the host , identify a first zone of FIG . 16 is a block diagram illustrating a configuration of 
the plurality of zones based on the logical address , compress a controller according at least one example embodiment ; and 
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FIG . 17 is a block diagram illustrating a network system example , the storage device 200 may include a plurality of 
including a server system according to at least one example flash memory chips ( for example , NAND memory chips ) , 
embodiment . which non - volatilely store data . Additionally , the storage 

device 200 may correspond to at least one flash memory 
DETAILED DESCRIPTION 5 chip . Additionally , the storage device 200 may correspond to 

a memory card including one or more flash memory chips . 
FIG . 1 is a block diagram illustrating a storage system 10 According to at least one example embodiment , a plural 

according to at least one example embodiment . ity of storage mediums included in the NVM 400 may be a 
Referring to FIG . 1 , the storage system 10 may include a plurality of storage spaces , and may be set to first to nth 

host 100 and / or a storage device 200 , but the example 10 zones ( Zone 1 to Zone n ) 410-1 to 410 - n , but the example 
embodiments are not limited thereto , and the storage system embodiments are not limited thereto . Each zone may be 
10 may include a greater or lesser number of constituent variously defined , and for example , a size of each zone may 
components , such as a plurality of hosts , a plurality of be variously defined . For example , each of the plurality of 
storage devices , etc. Also , the storage device 200 may zones 410-1 to 410 - n may include a plurality of blocks or a 
include a controller 300 ( e.g. , processing circuitry ) , a non- 15 plurality of pages , but are not limited thereto . A page may 
volatile memory ( NVM ) 400 , etc. , but is not limited thereto . correspond to a data write unit or a data read unit , and a 
According to some example embodiments , the controller block may include a plurality of pages . Therefore , each of 
300 may include hardware such as logic circuits ( e.g. , the plurality of zones 410-1 to 410 - n may have a size which 
processing circuitry , etc. ) ; a hardware / software combination is greater than a data write unit or a data read unit . A size of 
such as at least one processor core executing software and / or 20 each of the plurality of zones 410-1 to 410 - n is not limited 
executing any instruction set ; or a combination thereof . For to the above - described example , and sizes of the plurality of 
example , the controller 300 more specifically may include , zones 410-1 to 410 - n may be the same as each other , or may 
but is not limited to , a field programmable gate array differ from each other . 
( FPGA ) , a programmable logic unit , an application - specific Each of the plurality of zones 410-1 to 410 - n of the NVM 
integrated circuit ( ASIC ) , a system - on - chip ( SOC ) , an intel- 25 400 may sequentially store data , but are not limited thereto . 
lectual property ( IP ) block , etc. In at least one example In detail , the plurality of zones 410-1 to 410 - n may not 
embodiment , each of the controller 300 and the NVM 400 randomly store data and may store data sequentially from a 
may be implemented as an individual chip , but is not limited first storage location of each zone , etc. For example , in a 
thereto . Also , the controller 300 may include a zone man- case where each of the plurality of zones 410-1 to 410 - n 
agement circuitry 310 ( e.g. , a zone management module , 30 stores data for the first time , each of the plurality of zones 
logic , component , etc. ) and / or a compression / decompres- 410-1 to 410 - n may store data sequentially from a first 
sion circuitry 320 ( compression / decompression module , storage location of each zone . Also , in a case where each of 
logic , component , etc. ) , etc. According to at least one the plurality of zones 410-1 to 410 - n additionally stores data 
example embodiment , the zone management circuitry 310 ( e.g. , stores additional data ) , each of the plurality of zones 
and the compression / decompression circuitry 320 may be 35 410-1 to 410 - n may identify a storage location at which data 
integrated , but the example embodiments are not limited is lastly written ( e.g. , was most recently written , was pre 
thereto . Also , the NVM 400 may include a plurality of zones viously written , etc. ) and may store data sequentially from a 
( Zone 1 to Zone n ) 410-1 to 410 - n , but is not limited thereto . storage location next and / or sequential to the identified 

The storage system 10 may be implemented as , included storage location , etc. 
in , and / or connected to , for example , a personal computer 40 Therefore , the host 100 may determine a zone where data 
( PC ) , a data server , a network - attached storage , a smart is to be written and may transfer , to the storage device 200 , 
device , an Internet of things ( IoT ) device , and / or a portable a write request including a logical address ( for example , a 
electronic device , but is not limited thereto . Examples of the logical memory address representing a start address and / or 
portable electronic device may include laptop computers , location of a zone ) corresponding to the determined zone . 
mobile phones , smartphones , tablet PCs , personal digital 45 Also , the storage device 200 may identify a zone corre 
assistants ( PDAs ) , enterprise digital assistants ( EDAs ) , digi- sponding to the logical address included in the write request , 
tal still cameras , digital video cameras , audio devices , por- identify a storage location at which data is lastly ( e.g. , most 
table multimedia players ( PMP ) , personal navigation recently and / or previously ) stored in the identified zone , and 
devices ( PNDs ) , MP3 players , handheld game consoles , store received write data sequentially from a storage location 
e - books , wearable devices , virtual reality and / or augmented 50 next to the identified storage location . As described above , 
reality devices , etc. a storage space may be set to a plurality of zones , and the 

The host 100 may perform at least one data management storage device 200 , which sequentially stores data in each 
operation in the storage system 10. In at least one example zone , may be referred to as a zoned namespaces ( ZNS ) 
embodiment , the host 100 may provide a data write request storage , but the example embodiments are not limited 
and / or a data read request , etc. , to the storage device 200 , 55 thereto . 
and based on the request from the host 100 , the storage According to at least one example embodiment , the 
device 200 may write data in the NVM 400 , or may read data plurality of zones 410-1 to 410 - n of the NVM 400 may be 
from the NVM 400 and provide the read data to the host 100 , set based on at least one attribute of write data . In at least one 
but is not limited thereto . Also , based on a data erase request example embodiment , each of the plurality of zones 410-1 
from the host 100 , the storage device 200 may perform an 60 to 410 - n of the NVM 400 may be set based on the number 
erase operation on data stored in a zone indicated by the host of predicted accesses of written data ( e.g. , predicted number 
100 , etc. of write accesses ) or the amount of data to be written . For 
The storage device 200 may include one or more storage example , the plurality of zones 410-1 to 410 - n may be set to 

mediums . For example , the storage device 200 may include a first zone ( Zone 1 ) storing data ( i.e. , hot data ) where the 
one or more hard disk drives ( HDDs ) and / or SSDs , etc. 65 number of prediction accesses is high , a second zone ( Zone 
When the storage device 200 includes an SSD , the storage 2 ) storing data ( i.e. , normal data ) where the number of 
device 200 may include a plurality of memory chips . For prediction accesses is medium , and a third zone ( Zone 3 ) 
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storing data ( i.e. , cold data ) where the number of prediction of a zone corresponding to the write request by using the 
accesses is low . Therefore , the storage device 200 may compression / decompression circuitry 320 and may write the 
divide and store the hot data and the cold data , thereby compressed write data in the zone corresponding to the write 
reducing , decreasing , and / or minimizing the amount of request . Also , when a read request is received from the host 
and / or frequency of garbage collection . A method of setting 5 100 , the zone management circuitry 310 may read data from 
the plurality of zones 410-1 to 410 - n is not limited to the a zone corresponding to the read request , decompress the 
above - described examples , and the plurality of zones 410-1 read data ( e.g. , the previously compressed data ) on the basis 
to 410 - n may be set to fewer or more zones than three . For of a compression ratio of the zone corresponding to the read 
example , the number of predicted memory accesses may be request by using the compression / decompression circuitry 
determined by the host 100 and / or the memory controller 10 320 , and transfer decompressed read data to the host 100 . 
300 based on historical memory access patterns , analysis of The controller 300 may include the compression / decom 
instructions stored in instruction queue ( s ) ( not shown ) for a pression circuitry 320. The compression / decompression cir 
processor and / or processor core of the host 100 and / or the cuitry 320 may support a function of compressing and / or 
memory controller 300 , etc. , but the example embodiments decompressing data . According to at least one example 
are not limited thereto . 15 embodiment , the compression / decompression circuitry 320 

The controller 300 may include a zone management may receive data from the zone management circuitry 310 , 
circuitry 310. The zone management circuitry 310 may compress the received data on the basis of a compression 
manage the plurality of zones 410-1 to 410 - n of the NVM method and / or compression settings corresponding to a zone 
400 , and / or may support a function of processing various where the received data is to be written , and transfer the 
requests for the plurality of zones 410-1 to 410 - n , but is not 20 compressed data to the zone management circuitry 310 . 
limited thereto . In at least one example embodiment , the Also , the compression / decompression circuitry 320 may 
zone management circuitry 310 may set a storage space of receive data from the zone management circuitry 310 , 
the NVM 400 to the plurality of zones 410-1 to 410 - n on the decompress the received data on the basis of a decompres 
basis of at least one management command received from sion method and / or decompression settings corresponding to 
the host 100. For example , the zone management circuitry 25 a zone from which the received data is read , and transfer the 
310 may set the storage space of the NVM 400 to a first zone decompressed data to the zone management circuitry 310 . 
( Zone 1 ) storing hot data , a second zone ( Zone 2 ) storing Therefore , the storage device 200 may adjust data input / 
normal data , and a third zone ( Zone 3 ) storing cold data on output latency and the efficiency of a storage space of a 
the basis of the management command received from the storage device . For example , when a compression ratio of 
host 100. The above - described example is merely an 30 the first zone ( Zone 1 ) storing the hot data is 100 % ( e.g. , the 
example of a method of setting a storage space of the NVM data in Zone 1 is uncompressed ) and a compression ratio of 
400 to a plurality of zones , and the example embodiments the third zone ( Zone 3 ) storing the cold data is 50 % , the 
are not limited thereto . storage device 200 may not perform compression and 

Also , according to at least one example embodiment , the decompression of the hot data which is frequently accessed , 
zone management circuitry 310 may set a compression 35 and thus may quickly write and read the hot data ( e.g. , write 
method and / or a decompression method for each of the and read data from Zone 1 at approximately the same speed 
plurality of zones 410-1 to 410 - n . In at least one example as a conventional storage device ) , and moreover , the storage 
embodiment , the zone management circuitry 310 may set a device 200 may perform compression on the cold data , 
compression ratio ( a ratio of a compressed data size to an which is relatively less accessed , on the basis of a high 
original data size ) corresponding to each of the plurality of 40 compression ratio , thereby increasing the efficiency of a 
zones 410-1 to 410 - n on the basis of the management storage space while reducing the decrease in speed in 
command received from the host 100. For example , the zone performing read and write operations on the storage device 
management circuitry 310 may set a compression ratio for 200 relative to a storage device which compresses / decom 
the first zone ( Zone 1 ) , storing hot data , to 100 % ( i.e. , presses all data stored on the device . 
compression is not performed ) , set a compression ratio of 45 The zone management circuitry 310 and the compression / 
the second zone ( Zone 2 ) , storing normal data , to 75 % , and decompression circuitry 320 may each be implemented as 
set a compression ratio of the third zone ( Zone 3 ) , storing various types and may be included in and / or integrated with 
cold data , to 50 % , but the example embodiments are not the controller 300. For example , the zone management 
limited thereto and any compression ratio may be set for circuitry 310 or the compression / decompression circuitry 
each of the zones . Setting a compression ratio as an example 50 320 may be implemented with hardware such as a logic 
of a compression method / decompression method is merely circuit , processing circuitry , etc. , for performing at least one 
an example , and the example embodiments are not limited support function related to the zone management method 
thereto . For example , a method of setting a compression and the compression / decompression method of the example 
method / decompression method may set various algorithms , embodiments , respectively . Additionally , the zone manage 
such as a compression manner and / or compression algo- 55 ment circuitry 310 and / or the compression / decompression 
rithm , an encryption manner and / or algorithm , or a data circuitry 320 may be implemented as a combination of 
compression unit ( e.g. , unit size of compression ) , may set hardware and software , for example a software program 
the compression ratio automatically or dynamically based on ( e.g. , program code , firmware , computer readable instruc 
storage device performance and / or conditions , use different tions , etc. ) loaded into and executed by processing circuitry 
compression algorithms for different zones , etc. 60 included in the controller 300 may execute the functionality 

Also , according to at least one example embodiment , the of the zone management circuitry 310 or the compression / 
zone management circuitry 310 may write and / or read data decompression circuitry 320 as discussed with respect to at 
on the basis of the set compression method / decompression least one example embodiment . 
method . In at least one example embodiment , when a write As described above , the storage system 10 according to at 
request is received from the host 100 , the zone management 65 least one example embodiment may set the storage space of 
circuitry 310 may compress write data ( e.g. , data to be the NVM 400 to the plurality of zones 410-1 to 410 - n on the 
written to the NVM 400 ) on the basis of a compression ratio basis of the number of prediction accesses of data ( e.g. , 
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predicted number of accesses and / or data operations ) and corresponding to each of the plurality of zones 410-1 to 
may compress write data ( e.g. , data to be written ) on the 410 - n . A detailed description of the zone management table 
basis of a compression method , settings , and / or algorithm 311 will be given below with reference to FIG . 3. In at least 
corresponding to each of the plurality of zones 410-1 to one example embodiment , when a write command CMD 
410 - n , or may decompress read data ( e.g. , data stored on the 5 and write data DATA are received from the host 100 , the 
NVM 400 ) on the basis of a decompression method , set- zone management circuitry 310 may identify a zone for 
tings , and / or algorithm corresponding to each of the plural- writing the write data DATA on the basis of a logical address 
ity of zones 410-1 to 410 - n . That is , the storage system 10 ( e.g. , memory address ) included in the write command 
may divide and store the hot data and the cold data in CMD , and may identify a compression method correspond 
different zones , and thus may have an effect of reducing a 10 ing to a zone identified based on the zone management table 
write amplification factor ( WAF ) by decreasing and / or mini- 311. Also , the zone management circuitry 310 may transfer 
mizing garbage collection , and moreover , the storage system the write data DATA and information about a compression 
10 may compress and store the hot data and the cold data at method to the compression / decompression circuitry 320 to 
different compression ratios , and thus may appropriately request compression of the write data DATA based on the 
and / or beneficially adjust the tradeoff between data input / 15 compression method , setting , algorithm , etc. 
output latency and the compression efficiency of the storage Based on a request of the zone management circuitry 310 , 
space . the compression / decompression circuitry 320 may compress 

According to a modifiable example embodiment , the zone the received write data DATA on the basis of the transferred 
management circuitry 310 may set the plurality of zones information about the compression method to generate com 
410-1 to 410 - n for each user of the storage device 200 , based 20 pression data ( e.g. , compressed data ) Comp_DATA . For 
on a command received from the host 100. For example , the example , when the transferred information about the com 
zone management circuitry 310 may set a first zone ( Zone 1 ) pression method includes information representing a com 
storing data associated with a first user ( and / or a first host ) , pression ratio of 75 % ( e.g. , the data being 25 % compressed ) , 
a second zone ( Zone 2 ) storing data associated with a second the compression / decompression circuitry 320 may compress 
user ( and / or a second host ) , and a third zone ( Zone 3 ) storing 25 the write data DATA by 25 % to generate the compression 
data associated with a third user ( and / or third host ) , etc. , but data ( e.g. , compressed data ) Comp_DATA . According to 
the example embodiments are not limited thereto , and for some example embodiments , as a result of the inclusion of 
example , two or more of the zones may be associated with the compression method ( e.g. , compression settings , algo 
a single user / host , or a single zone may be associated with rithms , etc. ) in the received write data DATA , the compres 
two or more users / hosts , etc. 30 sion / decompression circuitry 320 compresses the write data 

Also , the zone management circuitry 310 may set a DATA to generate the compression data Comp_DATA , and 
compression method ( e.g. , compression settings , algorithms , a real and / or actual compression ratio of the compression 
etc. ) and / or a decompression method ( e.g. , settings , algo- data Comp_DATA may be lower than a received compres 
rithms , etc. ) corresponding to each of the plurality of zones sion ratio ( e.g. , more compressed ) , but is not limited thereto . 
410-1 to 410 - n set for each user ( and / or host ) , based on a 35 That is , the write data DATA may be more compressed than 
command received from the host 100. For example , the zone the target amount of compression and / or desired compres 
management circuitry 310 may set a compression ratio of sion ratio , due to the compression method , settings , and / or 
the first zone ( Zone 1 ) to 100 % on the basis of a request of algorithm used , and / or the composition of the data received , 
the first user who prefers and / or selects a fast input / output etc. In this case , the compression / decompression circuitry 
and may set a compression ratio of the third zone ( Zone 3 ) 40 320 may add dummy data to the compressed write data 
to 50 % on the basis of a request of the third user who prefers DATA so that the real and / or actual compression ratio of the 
and / or selects the high efficiency of a storage space , etc. compression data Comp_DATA is equal to the received 
As described above , the storage system 10 according to at compression ratio , thereby generating the compression data 

least one example embodiment may set the storage space of ( e.g. , compressed data ) Comp_DATA . Also , the compres 
the NVM 400 to the plurality of zones 410-1 to 410 - n on the 45 sion / decompression circuitry 320 may transfer the compres 
basis of a user and / or host and may individually set a sion data ( e.g. , compressed data ) Comp_DATA to the zone 
compression method corresponding to each of the plurality management circuitry 310 . 
of zones 410-1 to 410 - n on the basis of a selection and / or According to other example embodiments , a result of the 
preference of the user and / or host , thereby providing a compression / decompression circuitry 320 compressing the 
customized service to the user and / or host . 50 write data DATA to generate the compression data Comp_ 
FIG . 2 is a block diagram illustrating a storage device 200 DATA , may lead to the real compression ratio of the 

according to at least one example embodiment . compression data Comp_DATA being higher than the com 
Referring to FIGS . 1 and 2 , the storage device 200 may pression ratio received from the zone management circuitry 

include a controller 300 ( e.g. , processing circuitry , etc. ) 310. That is , the write data DATA may not be compressed to 
and / or an NVM 400 , but is not limited thereto . Also , the 55 the same compression ratio as the target compression ratio . 
controller 300 may include a zone management circuitry 310 Therefore , when the compression data Comp_DATA is 
and / or a compression / decompression circuitry 320 , and the received from the compression / decompression circuitry 
NVM 400 may include a plurality of zones 410-1 to 410 - n , 320 , the zone management circuitry 310 may identify a real 
but they are not limited thereto . In at least one example ( e.g. , actual ) compression ratio of the received compression 
embodiment , the zone management circuitry 310 may 60 data Comp_DATA and may compare the real compression 
include a zone management table 311 and / or a write pointer ratio with a target compression ratio corresponding to a zone 
313 , but is not limited thereto . where the compression data Comp_DATA is to be written . 

The zone management table 311 may be a table , list , For example , when the real compression ratio is higher 
database , etc. , which includes information about a compres- than the target compression ratio associated with a target 
sion method corresponding to each of the plurality of zones 65 zone ( e.g. , the zone where the write data DATA is to be 
410-1 to 410 - n . For example , the zone management table written ) , the zone management circuitry 310 may read the 
311 may include information about a compression ratio write data DATA from a buffer ( not shown ) , which tempo 
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rarily stores the write data DATA received from the host 100 , and for example , a physical memory address may be used 
and may determine that the write data DATA , instead of the instead of , or in addition to , the logical address , etc. 
compression data Comp_DATA , is to be written into the Moreover , according to at least one example embodiment , 
zone . On the other hand , when the real compression ratio a zone level ( Zone Level ) of each of the plurality of zones 
matches the target compression ratio , the zone management 5 410-1 to 410 - n may represent the degree of compression of 
circuitry 310 may determine that the compression data data written in each zone . For example , referring to FIG . 3 , 
Comp_DATA received from the compression / decompres- the zone management table ZMT may include a plurality of 
sion circuitry 320 is to be written into the zone . level designations , such as Level 1 , which is a level of the 
The zone management circuitry 310 may write data ( e.g. , first zone Zone 1 storing hot data and is a level for perform 

the write data DATA or the compression data Comp_DATA ) , 10 ing compression with high compression ratio ( e.g. , the data 
determined to be written , in the NVM 400 by using the write is not compressed , or compressed to a small degree , etc. ) , 
pointer 313. According to some example embodiments , the Level 2 , which is a level of the second zone Zone 2 storing 
write pointer 313 may be a plurality of pointers and each of normal data and is a level for performing compression with 
the plurality of pointers may be associated with and / or lower compression ratio than the Level 1 ( e.g. , the data 
correspond to a respective zone of the NVM 400. Here , the 15 stored in Zone 2 is more compressed than the data stored in 
write pointer 313 may denote a pointer representing a Zone 1 , but less compressed than the data in Zone 3 , etc. ) , 
storage location at which data is lastly stored ( and / or most and Level 3 , which is a level of the third zone Zone 3 storing 
recently stored ) in each zone . In at least one example cold data and is a level for performing compression with the 
embodiment , the zone management circuitry 310 may iden- lowest compression ratio ( e.g. , the data stored in Zone 3 is 
tify the write pointer 313 of a zone where data is to be 20 the most compressed and / or highly compressed , etc. ) , but 
written . Also , the zone management circuitry 310 may the example embodiments are not limited thereto , and there 
transfer the write data DATA or the compression data may be a greater or lesser number of compression levels , etc. 
Comp_DATA to the NVM 400 , and simultaneously ( and / or According to at least one example embodiment , the 
sequentially ) , may control the NVM 400 to write data at a compression ratio ( Comp Ratio ) of each of the plurality of 
next storage location of the identified write pointer 313 . 25 zones 410-1 to 410 - n may represent a ratio of a size of 

In the illustration and description of FIG . 2 , it is illustrated compressed data to an original size of data written in each 
and described that the zone management circuitry 310 zone . For example , referring to FIG . 3 , the zone manage 
includes the zone management table 311 and the write ment table ZMT may include 100 % as a compression ratio 
pointer 313 , but the zone management table 311 and / or the of the first zone Zone 1 ( e.g. , the file size of the " compressed 
write pointer 313 may be loaded into a separate memory ( for 30 data ” is the same as the original file size ) , 75 % as a 
example , dynamic random access memory ( DRAM ) , an compression ratio of the second zone Zone 2 ( e.g. , the file 
external cache memory , etc. ) of the controller 300 . size of the “ compressed data ” is 25 % smaller than the file 
FIG . 3 is a diagram illustrating a zone management table size of the original file ) , and 50 % as a compression ratio of 

ZMT according to at least one example embodiment . the third zone Zone 3 ( e.g. , the file size of the “ compressed 
Referring to FIGS . 1 and 3 , the zone management table 35 data ” is 50 % smaller than the file size of the original file ) , 

ZMT according to at least one example embodiment may etc. , but the example embodiments are not limited thereto , 
include information about a logical address ( and / or memory and for example , other compression ratios may be used , etc. 
address ) ZSLBA , a zone identification ( ID ) ( Zone ID ) , a In the illustration and description of FIG . 3 , the zone 
zone level ( Zone Level ) , and a compression ratio ( Comp management table ZMT includes the information about the 
Ratio ) of each of a plurality of zones 410-1 to 410 - n . As 40 logical address ZSLBA , the zone ID ( Zone ID ) , the zone 
described above with reference to FIG . 2 , the storage device level ( Zone Level ) , and the compression ratio ( Comp Ratio ) 
200 may compress data on the basis of a compression of each of the plurality of zones 410-1 to 410 - n , but the 
method , settings , algorithm , etc. , corresponding to each zone example embodiments are not limited thereto , and one or 
with reference to the zone management table ZMT . Here- more items may be omitted and / or modified , or a separate 
inafter , for convenience of description , it may be assumed 45 item may be added , etc. 
that the plurality of zones 410-1 to 410 - n of the NVM 400 According to at least one example embodiment , the zone 
include three zones . management circuitry 310 may generate the zone manage 

According to at least one example embodiment , the zone ment table ZMT on the basis of control and / or based on 
ID ( Zone ID ) of each of the plurality of zones 410-1 to 410 - n instructions transmitted by the host 100. For example , the 
may denote a name , a number , and / or any other unique 50 host 100 may transfer , to the zone management circuitry 
identifier representing each zone . For example , referring to 310 , setting information for setting the storage space of the 
FIG . 3 , the zone management table ZMT may include a first NVM 400 to the plurality of zones 410-1 to 410 - n on the 
zone Zone 1 , a second zone Zone 2 , and a third zone Zone basis of a data attribute ( for example , the number of pre 
3 as IDs of three zones , but the example embodiments are diction accesses ( e.g. , predicted accesses ) ) and a manage 
not limited thereto . Moreover , according to at least one 55 ment command including information about a compression 
example embodiment , the logical address ZSLBA of each of method ( for example , a compression ratio ) of each of the 
the plurality of zones 410-1 to 410 - n may denote a logical plurality of zones 410-1 to 410 - n . Also , the zone manage 
address representing each zone or representing a start loca- ment circuitry 310 may set the plurality of zones 410-1 to 
tion of each zone . In at least one example embodiment , the 410 - n on the basis of the management command received 
logical address ZSLBA of each of the plurality of zones 60 from the host 100 , and may generate the zone management 
410-1 to 410 - n may be implemented as a logical address of table ZMT used to manage the plurality of zones 410-1 to 
a first block or a first page of each zone . For example , 410 - n . The generated zone management table ZMT may be 
referring to FIG . 3 , the zone management table ZMT may stored in the NVM 400 , and then , may be loaded into the 
include a logical address ZSLBA 1 of the first zone Zone 1 , zone management circuitry 310 , etc. 
a logical address ZSLBA 2 of the second zone Zone 2 , and 65 In a storage device based on the related art , a controller 
a logical address ZSLBA 3 of the third zone Zone 3 . checks an attribute of data to determine a compression 
However , the example embodiments are not limited thereto , method , and then , compresses and writes data on the basis 
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of the determined compression method . Due to this , the compress the data DATA 0 at a compression ratio of 100 % , 
storage device based on the related art has a problem where compress the data DATA 1 at a compression ratio of 75 % , 
the overhead of latency caused by an operation of checking and compress the data DATA 2 at a compression ratio of 
an attribute of data increases the time required to complete 50 % . 
every write operation performed by the conventional 5 In FIG . 4 , for convenience of description , it is illustrated 
memory controller . and described that , as the zone management circuitry 310 
On the other hand , in at least one example embodiment , transfers data to the compression / decompression circuitry 

when a host checks an attribute of data to determine a zone 320 to request compression of the data , the zone manage where data is to be written and transfers a command includ ment circuitry 310 transfers the data DATA 0 corresponding ing a logical address of the determined zone to the storage 10 
device 200 , the storage device 200 may identify a compres to a compression ratio of 100 % . However , a compression 

ratio of 100 % denotes that compression is not needed , and sion method on the basis of a logical address and the zone 
management table ZMT , and may compress and write data thus , the zone management circuitry 310 may be imple 
on the basis of the identified compression method . There mented so that an operation of transferring data correspond 
fore , the storage device 200 according to at least one 15 ing to a compression ratio of 100 % to the compression / 
example embodiment may omit an operation needed for decompression circuitry 320 is omitted , etc. 
checking the data attributes of the data being written for each Also , based on a request of the zone management circuitry 
write operation , thereby decreasing latency caused by a 310 , the compression / decompression circuitry 320 may 
write operation . compress the pieces of data DATA O , DATA 1 , and DATA 2 

Hereinafter , an operation of compressing data by using 20 on the basis of information about a received compression 
the zone management table ZMT and writing the com- method to generate pieces of compression data Comp_ 
pressed data will be described in detail with reference to DATA 0 , Comp_DATA 1 , and Comp_DATA 2. For example , 
FIGS . 4 to 9 . referring to FIGS . 3 and 4 , the compression / decompression 
FIG . 4 is a conceptual diagram illustrating a data com- circuitry 320 may compress the data DATA 0 at a compres 

pression operation according to at least one example 25 sion ratio of 100 % to generate the compression data Com 
embodiment . In detail , FIG . 4 is a diagram illustrating a data p_DATA 0 , compress the data DATA 1 at a compression 
compression operation performed on the zone management ratio of 75 % to generate the compression data Comp_DATA circuitry 310 and the compression / decompression circuitry 1 , and compress the data DATA 2 at a compression ratio of 
320 of FIGS . 1 and 2 . 50 % to generate the compression data Comp_DATA 2 . Referring to FIG . 4 , the zone management circuitry 310 30 In FIG . 4 , for convenience of description , it is illustrated may receive commands CMD 0 , CMD 1 , and CMD 2 and and described that , as the compression / decompression cir pieces of data DATA O , DATA 1 , and DATA 2 from the host 
100 , but the example embodiments are not limited thereto . cuitry 320 compresses the received data , the compression / 
In this example , the pieces of data DATA O , DATA 1 , and decompression circuitry 320 transfers the data DATA 0 
DATA 2 received from the host 100 may include hot data , 35 corresponding to a compression ratio of 100 % . However , the 
normal data , and cold data , but are not limited thereto . The compression / decompression circuitry 320 may be imple 
data DATA 0 corresponding to the command CMD O may be mented so that an operation of transferring data correspond 
the hot data , and the command CMD 0 may include a logical ing to a compression ratio of 100 % to the compression 
address ZSLBA 1 of a first zone Zone 1. The data DATA 1 decompression circuitry 320 is omitted . Also , the 
corresponding to the command CMD 1 may be the normal 40 compression / decompression circuitry 320 may transfer the 
data , and the command CMD 1 may include a logical generated pieces of compression data Comp_DATA 0 , Com 
address ZSLBA 2 of a second zone Zone 2. The data DATA p_DATA 1 , and Comp_DATA 2 to the zone management 
2 corresponding to the command CMD 2 may be the cold circuitry 310 . 
data , and the command CMD 2 may include a logical The compression / decompression circuitry 320 may com 
address ZSLBA 3 of a third zone Zone 3 . 45 press data using various size units according to at least one 

According to at least one example embodiment , the zone example embodiment in compressing data . For example , the 
management circuitry 310 may identify the logical addresses compression / decompression circuitry 320 may perform 
ZSLBA 1 , ZSLBA 2 , and ZSLBA 3 of a zone from the compression by a write command unit ( e.g. , a unit size 
received commands CMD 0 , CMD 1 , and CMD 2 , etc. Also , designated in the write command ) , or may perform com 
the zone management circuitry 310 may identify a compres- 50 pression by a desired unit and / or minimum unit ( for 
sion method corresponding to each of the identified logical example , a block unit ) of writing data into a zone , but the 
addresses ZSLBA 1 , ZSLBA 2 , and ZSLBA 3 on the basis example embodiments are not limited thereto . This will be 
of and / or using the zone management table ZMT . For described below in detail with reference to FIGS . 5 and 6 . 
example , referring to FIGS . 3 and 4 , the zone management FIG . 5 is a conceptual diagram illustrating a data com 
circuitry 310 may identify a compression ratio of 100 % 55 pression operation based on a write command unit , accord 
corresponding to the logical address ZSLBA 1 of the first ing to at least one example embodiment . In detail , FIG . 5 is 
zone Zone 1 , identify a compression ratio of 75 % corre- a diagram illustrating a data compression operation per 
sponding to the logical address ZSLBA 2 of the second zone formed by the zone management circuitry 310 and the 
Zone 2 , and identify a compression ratio of 50 % correspond- compression / decompression circuitry 320 of FIGS . 1 and 2 . 
ing to the logical address ZSLBA 3 of the first zone Zone 3 , 60 Hereinafter , a method of compressing data by a write 
with reference to the zone management table ZMT , etc. command unit by using the compression / decompression 

Also , the zone management circuitry 310 may transfer a circuitry 320 according to at least one example embodiment 
compression method , corresponding to the pieces of data will be described . 
DATA 0 , DATA 1 , and DATA 2 , to the compression / The compression / decompression circuitry 320 may 
decompression circuitry 320 to request compression . For 65 receive pieces of data DATA 0 , DATA 1 , and DATA 2 , etc. , 
example , the zone management circuitry 310 may issue a corresponding to a plurality of commands CMD 0 , CMD 1 , 
request , to the compression / decompression circuitry 320 , to and CMD 2 , etc. Also , the compression / decompression 
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circuitry 320 may compress the pieces of data DATA 0 , Comp_DATAO , Comp_DATA 1 , and Comp_DATA 2 having 
DATA 1 , and DATA 2 by a plurality of command CMD 0 , the received compression ratio . 
CMD 1 , and CMD 2 units . For example , referring to FIG . 6 , when a real compression 

For example , referring to FIG . 5 , the compression / decom ratio ( e.g. , actual compression ratio , etc. ) of at least one pression circuitry 320 may identify the data DATA 0 corre compressed block is 65 % as a result of compression per 
sponding to the command CMD 0 and may perform com formed on each of a plurality of blocks constituting the data pression on all of the identified data DATA 0. Also , the DATA 1 , the compression / decompression circuitry 320 may compression / decompression circuitry 320 may identify the add the dummy data to the at least one compressed block to data DATA 1 corresponding to the command CMD 1 and generate the compression data Comp_DATA 1 having a may perform compression on all of the identified data DATA 10 
1. Also , the compression / decompression circuitry 320 may compression ratio of 75 % . Also , when a real compression 

ratio of at least one compressed block is 40 % as a result of identify the data DATA 2 corresponding to the command 
CMD 2 and may perform compression on all of the identi compression performed on each of a plurality of blocks 
fied data DATA 2 . constituting the data DATA 2 , the compression / decompres 
As a result of compression of the pieces of data DATA 0 , 15 sion circuitry 320 may add the dummy data to the at least 

DATA 1 , and DATA 2 by the compression / decompression one compressed block to finally generate the compression 
circuitry 320 , a real ( e.g. , actual ) compression ratio may be data Comp_DATA 2 having a compression ratio of 50 % . 
lower than a received compression ratio . In this case , the However , the example embodiments are not limited thereto , 
compression / decompression circuitry 320 may add dummy and according to some example embodiments , no dummy 
data to the compressed pieces of data DATA O , DATA 1 , and 20 data is added to the compression data even if the real 
DATA 2 to generate pieces of compression data Comp_ compression ratio is not equal to the target compression 
DATA 0 , Comp_DATA 1 , and Comp_DATA 2 having the ratio , etc. 
received compression ratio , but the example embodiments In the illustration and description of FIG . 6 , it is illustrated 
are not limited thereto . and described that the compression / decompression circuitry 

For example , referring to FIG . 5 , when the real compres- 25 320 compresses data by block units , but the example 
sion ratio is 65 % as a result of compression performed on all embodiments are not limited thereto , and for example , the 
of the data DATA 1 , the compression / decompression cir- compression / decompression circuitry 320 may compress 
cuitry 320 may add the dummy data to the compressed data data by page units or the like . DATA 1 to finally generate the compression data Comp_ FIG . 7 is a conceptual diagram illustrating a data write DATA 1 having a compression ratio of 75 % . Also , when the 30 operation according to at least one example embodiment . In real compression ratio is 40 % as a result of compression detail , FIG . 7 is a diagram illustrating a data write operation performed on all of the data DATA 2 , the compression / 
decompression circuitry 320 may add the dummy data to the performed by the zone management circuitry 310 of FIGS . 

1 and 2 . compressed data DATA 2 to finally generate the compres 
sion data Comp_DATA 2 having a compression ratio of 35 Referring to FIGS . 4 and 7 , the zone management cir 
50 % , etc. cuitry 310 may write pieces of compression data Comp_ 
FIG . 6 is a conceptual diagram illustrating a data com DATA 0 , Comp_DATA 1 , and Comp_DATA 2 , received 

pression operation based on a block unit , according to at from the compression / decompression circuitry 320 , in the 
least one example embodiment . In detail , FIG . 6 is a diagram NVM 400 , but is not limited thereto . In at least one example 
illustrating a data compression operation performed by the 40 embodiment , the zone management circuitry 310 may write , 
zone management circuitry 310 and the compression / de- ( e.g. , sequentially write , write in parallel , etc. ) the pieces of 
compression circuitry 320 of FIGS . 1 and 2. Hereinafter , a compression data Comp_DATA 0 , Comp_DATA 1 , and 
method of compressing data by block units by using the Comp_DATA 2 in a plurality of zones ( for example , first to 
compression / decompression circuitry 320 according to at third zones ) Zone 1 , Zone 2 , and Zone 3 corresponding to 
least one example embodiment will be described . 45 the pieces of compression data Comp_DATA 0 , Comp_ 

The compression / decompression circuitry 320 may DATA 1 , and Comp_DATA 2 by using a plurality of write 
receive pieces of data DATA 0 , DATA 1 , and DATA 2 pointers WP1 , WP2 , and WP3 . 
corresponding to a plurality of commands CMD 0 , CMD 1 , For example , the zone management circuitry 310 may 
and CMD 2. Also , the compression / decompression circuitry identify the write pointer WP1 of the first zone Zone 1 
320 may compress the pieces of data DATA 0 , DATA 1 , and 50 corresponding to a logical address ZSLBA 1 of a zone 
DATA 2 by block units , but is not limited thereto . included in a command CMD O and may write the com 

For example , referring to FIG . 5 , the compression / decom- pression data Comp_DATA O at a next storage location of 
pression circuitry 320 may perform compression on each of the identified write pointer WP1 . Also , the zone manage 
a plurality of blocks ( e.g. , three blocks , etc. ) constituting the ment circuitry 310 may identify the write pointer WP2 of the 
data DATA 0. Also , the compression / decompression cir- 55 second zone Zone 2 corresponding to a logical address 
cuitry 320 may perform compression on each of a plurality ZSLBA 2 of a zone included in a command CMD 1 and may 
of blocks ( e.g. , four blocks , etc. ) constituting the data DATA write the compression data Comp_DATA 1 at a next storage 
1. Also , the compression / decompression circuitry 320 may location of the identified write pointer WP2 . Also , the zone 
perform compression on each of a plurality of blocks ( e.g. , management circuitry 310 may identify the write pointer 
four blocks , etc ) constituting the data DATA 2 . 60 WP3 of the second zone Zone 3 corresponding to a logical 
As a result of compressing each of a plurality of blocks address ZSLBA 3 of a zone included in a command CMD 2 

constituting the pieces of data DATA O , DATA 1 , and DATA and may write the compression data Comp_DATA 2 at a 
2 by the compression / decompression circuitry 320 , a real next storage location of the identified write pointer WP3 . 
compression ratio may be lower than a received compres- In the illustration and description of FIG . 7 , it is illustrated 
sion ratio . In this case , the compression / decompression 65 and described that the zone management circuitry 310 writes 
circuitry 320 may add dummy data to each of the com- compression data received from the compression / decom 
pressed blocks to generate pieces of compression data pression circuitry 320 , but according to some example 
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embodiments , the zone management circuitry 310 may write data Comp_DATA 0 is written , of a first zone Zone 1. Also , 
uncompressed write data instead of the received compres- the zone management circuitry 310 may update the write 
sion data . pointer WP2 to a new write pointer WP2 ' so as to indicate 

In detail , the zone management circuitry 310 may receive a last storage location , at which the compression data 
compression data and information about a real compression 5 Comp_DATA 1 is written , of a second zone Zone 2. Also , the 
ratio of the compression data from the compression / decom- zone management circuitry 310 may update the write pointer 
pression circuitry 320. For example , in a case where the WP3 to a new write pointer WP3 ' so as to indicate a last 
compression / decompression circuitry 320 performs com- storage location , at which the compression data Comp_ 
pression based on and / or using a write command unit , the DATA 2 is written , of a third zone Zone 3 . 
zone management circuitry 310 may receive information 10 FIG.9 is a conceptual diagram illustrating an operation of 
about a real compression ratio for each compression data transferring compression information , according to at least 
corresponding to a write command . Also , the zone manage- one example embodiment . In detail , FIG . 9 is a diagram 
ment circuitry 310 may compare a real compression ratio illustrating an operation of transferring compression infor 
with a target compression ratio corresponding to a zone to mation through a completion queue CQ of the zone man 
write , for each compression data and may write compression 15 agement circuitry 310 of FIGS . 1 and 2. When the zone 
data or write data on the basis of a result of the comparison . management circuitry 310 completes a write operation 

For example , when a real compression ratio of the com- according to a request of the host 100 , the zone management 
pression data Comp_DATA 1 received from the compres- circuitry 310 may notify a completion queue CQ of the host 
sion / decompression circuitry 320 is 85 % and is higher than 100 of command completion . Here , a completion queue CQ 
a target compression ratio of 75 % , the zone management 20 may store a processing result of an operation corresponding 
circuitry 320 may read before - write data DATA 1 from a to a command of the host 100 . 
buffer and may write the read data DATA 1 in a zone . As Referring to FIGS . 4 to 9 , based on a plurality of com 
another example , when a real compression ratio of the mands CMD 0 , CMD 1 , and CMD 2 received from the host 
compression data Comp_DATA 2 received from the com- 100 , the zone management circuitry 310 according to at least 
pression / decompression circuitry 320 is 50 % and is equal to 25 one example embodiment may write pieces of compression 
a target compression ratio of 50 % , the zone management data Comp_DATA 0 , Comp_DATA 1 , and Comp_DATA 2 in 
circuitry 320 may write the compression data Comp_DATA the NVM 400 and may store , as a processing result of a write 
2 in a zone . operation , compression information in the completion queue 

In a case where the compression / decompression circuitry CQ of the host 100. Here , the compression information may 
320 performs compression by block units , the zone man- 30 denote information associated with a magnitude of each of 
agement circuitry 310 may compare a real compression ratio the pieces of compression data Comp_DATA 0 , Comp_ 
with a target compression ratio corresponding to a zone to DATA 1 , and Comp_DATA 2 , etc. Also , the host 100 may 
WI for each block and may write compression data or manage a capacity of each of a plurality of zones ( for 
write data on the basis of a result of the comparison . example , first to third zones ) Zone 1 , Zone 2 , and Zone 3 , 

For example , referring to FIG . 6 , when a real compression 35 etc. , on the basis of compression information . 
ratio of a first block of a plurality of blocks ( e.g. , two blocks , a In at least one example embodiment , information associ 
etc. ) constituting the compression data Comp_DATA 2 is ated with a magnitude of compression data may include 
60 % and is higher than a target compression ratio of 50 % , write pointers WP1 , WP2 , and WP3 and updated write 
the zone management circuitry 320 may write a plurality of pointers WP1 , WP2 ' , and WP3 ' of a plurality of zones before 
blocks , corresponding to the first block among before- 40 the pieces of compression data Comp_DATA 0 , Comp_ 
compression data DATA 2 , in a zone . Also , when a real DATA 1 , and Comp_DATA 2 are written . That is , the zone 
compression ratio of a second block constituting the com- management circuitry 310 may store , as a processing result 
pression data Comp_DATA 2 is 50 % and is equal to a target of a write operation based on the commands CMD 0 , CMD 
compression ratio of 50 % , the zone management circuitry 1 , and CMD 2 , before - write write pointers , e.g. , WP1 , WP2 , 
320 may write a second block in a zone , etc. 45 and WP3 , etc. , and updated write pointers , e.g. , WP1 , WP2 ' , 
As described above , the zone management circuitry 320 and WP3 ' , etc. , in the completion queue CQ of the host 100 . 

may determine data which is to be written , based on a real Also , the host 100 may calculate magnitudes of the pieces of 
compression rate for each block , and thus , may write com- compression data Comp_DATA 0 , Comp_DATA 1 , and 
pressed data and uncompressed data in a zone . Therefore , for Comp_DATA 2 by using differences between the before 
convenience of management , the zone management circuitry 50 write write pointers WP1 , WP2 , and WP3 and the updated 
310 may change the ordering of pieces of data to divide the write pointers WP1 ' , WP2 ' , and WP3 ' stored in the comple 
pieces of data into compressed data and uncompressed data , tion queue CQ , and may manage capacities of the plurality 
and may write the compressed data and the uncompressed of zones Zone 1 , Zone 2 , and Zone 3 on the basis of the 
data in a zone . calculated magnitudes . 
FIG . 8 is a conceptual diagram illustrating an operation of 55 For example , referring to FIG . 9 , the zone management 

updating a write pointer , according to at least one example circuitry 310 may store , as a processing result of a write 
embodiment . In detail , FIG . 8 is a diagram illustrating an operation based on the command CMD 0 , the write pointers 
operation of updating a write pointer by using the zone WP1 and WP1 ' of the first zone Zone 1 in the completion 
management circuitry 310 of FIGS . 1 and 2 . queue CQ of the host 100. Also , the zone management 

Referring to FIGS . 4 to 8 , when writing of pieces of 60 circuitry 310 may store , as a processing result of a write 
compression data Comp_DATA 0 , Comp_DATA 1 , and operation based on the command CMD 1 , the write pointers 
Comp_DATA 2 is completed , the zone management cir- WP2 and WP2 ' of the second zone Zone 2 in the completion 
cuitry 310 may update a plurality of write pointers , e.g. , queue CQ of the host 100. The zone management circuitry 
WP1 , WP2 , and WP3 , etc. , of a plurality of zones . For 310 may store , as a processing result of a write operation 
example , the zone management circuitry 310 may update the 65 based on the command CMD 2 , the write pointers WP3 and 
write pointer WP1 to a new write pointer WP1 ' so as to WP3 ' of the third zone Zone 3 in the completion queue CQ 
indicate a last storage location , at which the compression of the host 100 . 
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In a modifiable embodiment , the zone management cir- When information indicating whether the data stored at 
cuitry 310 may store the magnitudes of the pieces of the logical address LBA included in the read request is not 
compression data Comp_DATA 0 , Comp_DATA 1 , and compressed , e.g. , described as N in the mapping table MT , 
Comp_DATA 2 in the completion queue CQ of the host 100 . the zone management circuitry 310 may directly transfer the 
That is , the zone management circuitry 310 may calculate 5 read data to the host 100 , but the example embodiments are 
the magnitudes of the pieces of compression data Comp_ not limited thereto . 
DATA 0 , Comp_DATA 1 , and Comp_DATA 2 by using the FIG . 11 is a flowchart illustrating a write operation 
differences ( e.g. , memory location differences ) between the performed between a host , a controller , and a non - volatile 
before - write write pointers WP1 , WP2 , and WP3 and the memory , according to at least one example embodiment . In 
updated write pointers WP1 , WP2 ' , and WP3 ' , and may 10 detail , FIG . 11 is a flowchart illustrating an example of a 
store the calculated magnitudes in the completion queue CQ . write operation performed by the host 100 , the controller 

300 , and the NVM 400 of FIG . 1 . Also , the host 100 may manage the capacities of the plurality Referring to FIGS . 1 and 11 , in operation S110 , the host of zones Zone 1 , Zone 2 , and Zone 3 on the basis of the 100 may transfer data DATA and a command CMD request magnitudes stored in the completion queue CQ . 15 ing a write operation to the controller 300. Also , in operation FIG . 10 is a diagram illustrating a mapping table MT S120 , the controller 300 may identify a target zone where the according to at least one example embodiment . data DATA is to be written , based on a logical address 
Referring to FIG . 10 , the mapping table MT according to included in the transferred command CMD . Also , in opera 

at least one example embodiment may include the presence tion S130 , the controller 300 may compress the data DATA 
of compression and mapping information about mapping of 20 according to a compression method corresponding to the 
a logical address LBA , a start physical address Start PPN , target zone to generate compression data Comp_DATA , etc. 
and a finish physical address Finish PPN . Also , in operation S140 , the controller 300 may transfer , 

The start physical address Start PPN and the finish to the NVM 400 , the compression data Comp_DATA and a 
physical address Finish PPN may denote a physical address , control command CTRL for controlling the writing of the 
corresponding to a start location of an area of a memory 25 compression data Comp_DATA . In detail , the controller 300 
storing data , and a physical address corresponding to a last may identify a write pointer representing a storage location , 
location of the area of the memory . The mapping table MT at which data is lastly written ( e.g. , was last written , was 
may be stored in the NVM 400 , and then , may be loaded into most recently written , etc. ) , of the target zone and may 
a buffer ( not shown ) or a working memory ( not shown ) , such transfer , to the NVM 400 , the control command CTRL for 
as DRAM , etc. , by the controller 300. The presence of 30 controlling writing of the compression data Comp_DATA at 
compression may represent whether data is compressed by a next storage location of a write pointer , but the example 
the compression / decompression circuitry 320 , or may rep- embodiments are not limited thereto . Also , in operation 
resent raw which is not compressed . S150 , the NVM 400 may store the transferred compression 

The mapping table MT may differ based on a compression data Comp_DATA at a next storage location of the target 
unit of the compression / decompression circuitry 320. In 35 zone according to the control command CTRL . Also , when 
detail , in a case where the compression / decompression cir- storing is completed , the NVM 400 may transfer a response 
cuitry 320 compresses the data by block units , the mapping signal Response , representing completion of storing , to the 
table MT may include mapping information for each block . controller 300 in operation S160 . 
Also , in a case where the compression / decompression cir- According to some example embodiments , when a real 
cuitry 320 performs compression on the basis of a write 40 compression ratio of the compression data Comp_DATA is 
command unit , the mapping table MT may include mapping higher than a compression ratio corresponding to the target 
information for each write command , etc. zone , the controller 300 may transfer the data DATA , 
When a read request is received from the host 100 , the received from the host 100 , to the NVM 400. Also , the NVM 

zone management circuitry 310 may identify a logical 400 may store the transferred data DATA at a next storage 
address LBA included in the read request , identify a start 45 location of the target zone , etc. 
physical address Start PPN and a finish physical address Also , when the response signal Response is received from 
Finish PPN each corresponding to the identified logical the NMV 400 , the controller 300 may generate information 
address LBA ( and / or logical address range ) with reference to Info_WP about a write pointer in operation S170 . In detail , 
the mapping table MT , and read data on the basis of the the controller 300 may generate the information Info_WP 
identified physical addresses . Also , the zone management 50 about the write pointer which includes a write pointer of the 
circuitry 310 may identify a compression method of a zone target zone before the compression data Comp_DATA is 
corresponding to the read request by using the zone man- written ( e.g. , an initial write pointer , etc. ) , and a write pointer 
agement table ZMT . Also , the zone management circuitry of the target zone after the compression data Comp_DATA 
310 may transfer the read data and information about the is written ( e.g. , an updated write pointer , etc. ) . Also , in 
identified compression method to the compression / decom- 55 operation S180 , the controller 300 may transfer , to the host 
pression circuitry 320 to request decompression . 100 , the response signal Response corresponding to the 

Also , the compression / decompression circuitry 320 may command CMD along with the generated information 
decompress received data on the basis of the transferred Info_WP about the write pointer . In detail , the controller 300 
information about the identified compression method may store the information Info_WP about the write pointer 
according to a request of the zone management circuitry 60 in the completion queue CQ of the host 100 and may transfer 
310. For example , when read data , and information about a the response signal Response corresponding to the command 
compression ratio of 75 % ( e.g. , corresponding to the zone CMD , etc. 
where the data was read from ) , are received from the zone FIG . 12 is a flowchart illustrating a write operation 
management circuitry 310 , the compression / decompression performed between a zone management circuitry , a com 
circuitry 320 may decompress the read data compressed at 65 pression / decompression circuitry , and non - volatile 
a compression ratio of 75 % to have a before - compression memory , according to at least one example embodiment . In 
magnitude ( e.g. , size ) . detail , FIG . 12 is a flowchart illustrating an example of a 
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write operation performed by the zone management circuitry write pointer ( s ) ( e.g. , information regarding and / or based on 
310 , the compression / decompression circuitry 320 , and the the initial write pointer and the updated write pointer , etc. ) . 
NVM 400 of FIG . 1 . FIG . 13 is a flowchart illustrating a read operation per 

Referring to FIGS . 1 and 12 , in operation S210 , the zone formed between a host , a controller , and a non - volatile 
management circuitry 310 may receive data DATA and a 5 memory , according to at least one example embodiment . In 
command CMD , requesting a write operation , from the host detail , FIG . 13 is a flowchart illustrating an example of a 
100. Also , in operation S215 , the zone management circuitry read operation performed by the host 100 , the controller 300 , 
310 may identify a target zone where the data DATA is to be and the NVM 400 of FIG . 1 . 
written , based on a logical address included in the received Referring to FIGS . 1 and 13 , in operation S310 , the host 
command CMD , etc. 10 100 may transfer a command CMD , requesting a read 

Also , in operation S220 , the zone management circuitry operation , to the controller 300 , etc. Also , in operation S320 , 
310 may transfer , to the compression / decompression cir- the controller 300 may identify a target zone from which 
cuitry 320 , the data DATA and a request signal REQ data is to be read , based on a logical address included in the 
requesting compression of the data DATA on the basis of a transferred command CMD . Also , the controller 300 may 
compression method corresponding to the target zone . For 15 identify physical addresses corresponding to the logical 
example , the zone management circuitry 310 may identify address and / or target data size in operation S330 . In detail , 
the compression method corresponding to the target zone the controller 300 may identify a start physical address Start 
with reference to the zone management table ZMT including PPN and a finish physical address Finish PPN each corre 
information about a compression method of each of a sponding to the logical address ( and / or logical address 
plurality of zones 410-1 to 410 - n . Also , the zone manage- 20 range ) by using the mapping table MT , but is not limited 
ment circuitry 310 may transfer , to the compression / decom- thereto . 
pression circuitry 320 , the data DATA and a compression Also , in operation S340 , the controller 300 may transfer 
request REQ requesting compression of the data DATA on a control command CTRL , controlling a read operation , to 
the basis of the identified compression method , etc. the NVM 400. For example , the controller 300 may transfer 

Also , in operation S225 , the compression / decompression 25 the control command CTRL , controlling the read operation , 
circuitry 320 may compress the data DATA on the basis of to the NVM 400 on the basis of a start physical address Start 
received information about the compression method accord- PPN and a finish physical address Finish PPN , each repre 
ing to the compression request REQ of the zone manage- senting a location at which data for requesting read is stored , 
ment circuitry 310. Also , in operation S230 , the compres- but the example embodiments are not limited thereto , and 
sion / decompression circuitry 320 may transfer the 30 for example , the controller 300 may transfer the start physi 
compression data Comp_DATA , generated through com- cal address Start PPN and data length / data size information 
pression , to the zone management circuitry 310 . to the NVM 400 , etc. Also , in operation S350 , the NVM 400 

Also , in operation S235 , the zone management circuitry may read data from a target zone according to the control 
310 may identify a write pointer WP representing a storage command CTRL . Also , in operation S360 , the NVM 400 
location , at which data is lastly written , of the target zone . 35 may transfer a response signal Response , representing read 
Also , in operation S240 , the zone management circuitry 310 completion , to the controller 300 along with read data 
may transfer , to the NVM 400 , the compression data Com- DATA . 
p_DATA and a control signal CTRL ( e.g. , instruction , com- Also , in operation S370 , the controller 300 may decom 
mand , etc. ) for allowing the compression data Comp_DATA press the read data DATA . For example , the controller 300 
to be written at a next storage location of the identified write 40 may identify a compression method corresponding to the 
pointer WP . target zone and may decompress the read data DATA by 

Also , in operation S245 , the NVM 400 may store the using a decompression method corresponding to the identi 
transferred compression data Comp_DATA at a next storage fied compression method corresponding to the target zone . 
location of the target zone according to the control command Also , in operation S380 , the controller 300 may transfer a 
CTRL . Also , when storing is completed , the NVM 400 may 45 response signal Response , representing read completion , to 
transfer a response signal Response , representing comple- the host 100 along with decompression data Decomp_ 
tion of storing , to the zone management circuitry 310 in DATA . 
operation S250 According to some example embodiments , the controller 

According to some example embodiments , when a real 300 may identify whether the read data DATA is compressed 
compression ratio of the compression data Comp_DATA is 50 or not , and when the read data DATA is not compressed , the 
higher than a compression ratio corresponding to the target controller 300 may immediately transfer the read data DATA 
zone , the zone management circuitry 310 may transfer the to the host 100 , but the example embodiments are not 
data DATA , received from the host 100 , to the NVM 400 . limited thereto . 
Also , the NVM 400 may store the transferred data DATA at FIG . 14 is a flowchart illustrating a read operation per 
a next storage location of the target zone . 55 formed between a zone management circuitry , a compres 

Also , when the response signal Response is received from sion / decompression circuitry , and a non - volatile memory , 
the NMV 400 , the zone management circuitry 310 may according to at least one example embodiment . In detail , 
generate information Info_WP about a write pointer in FIG . 14 is a flowchart illustrating an example of a read 
operation S255 . For example , the zone management cir- operation performed by the zone management circuitry 310 , 
cuitry 310 may generate the information Info_WP about the 60 the compression / decompression circuitry 320 , and the NVM 
write pointer which includes a write pointer of the target 400 of FIG . 1 . 
zone before the compression data Comp_DATA is written Referring to FIGS . 1 and 14 , in operation S410 , the zone 
( e.g. , initial write pointer , etc. ) , and a write pointer of the management circuitry 310 may receive a command CMD , 
target zone after the compression data Comp_DATA is requesting a read operation , from the host 100. Also , in 
written ( e.g. , updated write pointer , etc. ) . Also , in operation 65 operation S415 , the zone management circuitry 310 may 
S260 , the zone management circuitry 310 may transfer , to identify a target zone from which data is to be read , based 
the host 100 , the generated information Info_WP about the on a logical address ( and / or logical address range , data size 
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information , etc. ) included in the received command CMD . among the plurality of zones on the basis of the logical 
Also , the zone management circuitry 310 may identify address ( e.g. , the storage device 200 determines the target 
physical addresses corresponding to the logical address in zone of a write request based on the logical address by 
operation S420 . In detail , the zone management circuitry determining which zone the logical address is included 
310 may identify a start physical address Start PPN and a 5 within , etc. ) . Also , in operation S530 , the storage device 200 
finish physical address Finish PPN each corresponding to may compress write data on the basis of a compression 
the logical address ( and / or logical address range , etc. ) by method corresponding to the target zone . Also , in operation 
using the mapping table MT . S540 , the storage device 200 may sequentially write the 

Also , in operation S425 , the zone management circuitry compressed write data in the target zone . In detail , the 
310 may transfer a control command CTRL , controlling a 10 storage device 200 may write the compressed write data 
read operation , to the NVM 400. In detail , the zone man- sequentially from a storage location next to a storage loca 
agement circuitry 310 may transfer the control command tion , at which data is lastly written ( e.g. , most recently 
CTRL , controlling the read operation , to the NVM 400 on written , etc. ) , in the target zone . When a real compression 
the basis of a start physical address Start PPN and a finish ratio of the compressed write data is higher than a compres 
physical address Finish PPN , each representing a location at 15 sion ratio corresponding to the target zone , the storage 
which data for requesting read is stored , etc. Also , in device 200 may write the received write data ( e.g. , uncom 
operation S430 , the NVM 400 may read data from a target pressed write data and / or the original write data , etc. ) in the 
zone according to the control command CTRL . Also , in target zone , but the example embodiments are not limited 
operation S435 , the NVM 400 may transfer a response thereto . 
signal Response , representing read completion , to the con- 20 As described above , the storage system 200 according to 
troller 300 along with read data DATA , etc. at least one example embodiment may individually set the 

Also , in operation S440 , the zone management circuitry degree of compression on the basis of an attribute of data 
310 may transfer a decompression request REQ , requesting written in each of a plurality of zones , and thus , may 
decompression , to the compression / decompression circuitry appropriately adjust the tradeoff between data input / output 
320 along with the read data DATA . For example , the zone 25 latency and the space efficiency of a storage device . 
management circuitry 310 may identify the compression FIG . 16 is a block diagram illustrating a configuration of 
method corresponding to the target zone with reference to a controller 300 according to at least one example embodi 
the zone management table ZMT . Also , the zone manage- ment . In detail , FIG . 16 is a block diagram illustrating a 
ment circuitry 310 may transfer a decompression request configuration of the controller 300 of FIG . 1 . 
REQ , requesting decompression of the read data DATA , to 30 Referring to FIG . 16 , the controller 300 may include at 
the compression / decompression circuitry 320 along with the least one processor 340 ( e.g. , processing circuitry , etc. ) , a 
read data DATA , and information about the compression memory 350 , a host interface 360 , an NVM interface 370 , 
method of the target zone , etc. and / or a buffer 80 , and the elements may communicate 

Also , in operation S445 , the compression / decompression with one another through at least one bus , but the example 
circuitry 320 may compress the read data DATA on the basis 35 embodiments are not limited thereto , and for example , the 
of received information about the compression method controller 300 may include a greater or lesser number of 
according to the decompression request REQ of the zone constituent components . 
management circuitry 310. Also , in operation S450 , the The processor include a central processing unit 
compression / decompression circuitry 320 may transfer the ( CPU ) or a microprocessor and may control an overall 
decompressed data Decomp_DATA , generated through 40 operation of the controller 300. In at least one example 
decompression , to the zone management circuitry 310. Also , embodiment , the processor 340 may be processing circuitry 
in operation S455 , the zone management circuitry 310 may which may include hardware such as logic circuits ; a hard 
transfer the decompressed data Decomp_DATA to the host ware / software combination such as at least one processor 
100 , but the example embodiments are not limited thereto . core executing software and / or executing any instruction set ; 

According to some example embodiments , the zone man- 45 or a combination thereof . For example , the processor 340 
agement circuitry 310 may identify whether the read data more specifically may include , but is not limited to , at least 
DATA is compressed or not , and when the read data DATA one multi - core processor ( e.g. , a dual - core processor , a 
is not compressed , the zone management circuitry 310 may quad - core processor , etc. ) , a field programmable gate array 
directly transfer the read data DATA to the host 100 without ( FPGA ) , a programmable logic unit , an application - specific 
passing through the compression / decompression circuitry 50 integrated circuit ( ASIC ) , a system - on - chip ( SOC ) , an intel 
320 , but the example embodiments are not limited thereto . lectual property ( IP ) block , etc. In at least one example 
FIG . 15 is a flowchart illustrating an operating method of embodiment , the processor 340 may control an overall 

a storage device according to at least one example embodi- operation associated with a host command received from a 
ment . In detail , FIG . 15 is a flowchart illustrating an example host HOST . 
of a write operation of the storage device 200 of FIG . 1. At 55 The memory 350 may operate based on control by the 
least a portion of a write operation of a storage device processor 340 and may be used as a working memory , a 
according to at least one example embodiment may be buffer memory , a cache memory , or the like . For example , 
performed by the controller 300 of FIG . 1 . the memory 350 may be implemented as a volatile memory , 

Referring to FIGS . 1 and 15 , first , the storage device 200 such as DRAM or static random access memory ( SRAM ) , or 
may receive a write request from a host in operation S510 . 60 an NVM such as phase change random access memory 
The storage space of the NVM 400 may be set to a plurality ( PRAM ) or flash memory , etc. 
of zones on the basis of an attribute of write data ( e.g. , based According to at least one example embodiment , the 
on and / or corresponding to the compression attribute of the discussed functionality of the zone management circuitry 
write data , etc. ) , and the write request may include a logical 310 and / or the compression / decompression circuitry 320 
address of ( e.g. , associated with , corresponding to , etc. ) a 65 may be implemented as firmware and / or software ( e.g. , 
target zone among the plurality of zones . Also , in operation computer readable instructions , etc. ) , and may be loaded 
S520 , the storage device 200 may identify the target zone into the memory 350 , for execution by the processor 340 
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and / or for execution by separate processing circuits , etc. For a controller configured to , 
example , the functionality of the zone management circuitry receive a first write command and first data from a host , 
310 and / or the compression / decompression circuitry 320 the first write command including a first logical 
may be implemented in a flash translation layer ( FTL ) and address , 
may be loaded into the memory 350. However , the example identify the first zone of the plurality of zones based on 
embodiments are not limited thereto , and the zone manage the first logical address , 

compress the first data based on the first compression ment circuitry 310 and / or the compression / decompression ratio , circuitry 320 may be implemented as hardware . Operations write the compressed first data sequentially to the first 
described above with reference to FIGS . 1 to 15 may be zone , 
performed by the processor 340 by using the zone manage- identify an initial write pointer representing a last 
ment circuitry 310 and / or the compression / decompression storage location of the first zone , 
circuitry 320 . write the compressed first data sequentially to a next 

The host interface 360 may provide an interface between storage location from the last storage location of the 
the host HOST and the controller 300 , and for example , may first zone based on the identified write pointer , 

update the initial write pointer in response to the provide an interface based on universal serial bus ( USB ) , writing of the compressed first data , and multimedia card ( MMC ) , PCI express ( PIC - E ) , advanced transfer , to the host , information regarding the initial technology attachment ( ATA ) , serial AT attachment ( SATA ) , write pointer and information regarding the updated 
parallel AT attachment ( PATA ) , small computer system write pointer . 
interface ( SCSI ) , serial attached SCSI ( SAS ) , enhanced 20 2. The storage device of claim 1 , wherein the controller is 
small disk interface ( ESDI ) , integrated drive electronics configured to : 
( IDE ) , or the like . The NVM interface 370 may provide an sequentially write the compressed first data ; and 
interface between the controller 300 and NVM . transfer , to the host , information about a magnitude of the 

The buffer 380 may temporarily store write data received compressed first data in response to sequentially writ 
from the host HOST . The zone management circuitry 310 25 ing the compressed first data . 
may identify a compression ratio of compression data 3. The storage device of claim 1 , further comprising : 
received from the compression / decompression circuitry 320 a buffer configured to store a mapping table , the mapping 
and may determine whether the identified compression ratio table including mapping information about mapping of 
is higher than a compression ratio corresponding to a zone at least one logical address , a start physical address and 
where the compression data is to be stored . For example , a finish physical address to a corresponding storage 
when the identified compression ratio is higher than the location of the non - volatile memory at which data is 

written ; and compression ratio , the zone management circuitry 310 may wherein the controller is configured to , read raw data , corresponding to the compression data , from sequentially write the compressed first data to the the buffer 380 and may write the read raw data in a non - volatile memory based on the mapping infor corresponding zone , but the example embodiments are not mation corresponding to the first logical address , and 
limited thereto . update the mapping table to include a first start physical 
FIG . 17 is a block diagram illustrating a network system address and a first finish physical address of a 

1000 including a server system according to at least one corresponding storage location at which the com 
example embodiment . The network system 1000 may 40 pressed first data is written . 
include at least one server system 1010 and / or a plurality of 4. The storage device of claim 3 , wherein the controller is 
terminals 1030_1 to 1030_n communicating with the server configured to : 
system 1010 over at least one network 1020 , but the example receive a read command from the host ; 
embodiments are not limited thereto . The server system read second data corresponding to a second logical 
1010 may include a server 1011 and a solid state drive ( SSD ) 45 address from the non - volatile memory based on the 
1012 , etc. In this case , the SSD 1012 may correspond to the mapping table ; 
storage device 200 according to at least one example decompress the read second data based on mapping table 
embodiment described above . In some example embodi- information corresponding to the second logical 
ments , the SSD 1012 may be implemented by using at least address ; and 
one example embodiment described above with reference to 50 transfer the decompressed second data to the host . 
FIGS . 1 to 16. —While various example embodiments of the 5. The storage device of claim 4 , wherein the controller is 
inventive concepts have been particularly shown and configured to : 
described with reference to example embodiments thereof , it identify the second zone corresponding to the second 
will be understood that various changes in form and details logical address among the plurality of zones ; and 
may be made therein without departing from the spirit and decompress the read second data based on decompression scope of the following claims . settings corresponding to the identified second zone 

included in the mapping table . 
What is claimed is : 6. The storage device of claim 1 , wherein the controller is 
1. A storage device comprising : configured to compress the first data using a write command 
a non - volatile memory including a plurality of zones , the 60 unit or a block unit . 

non - volatile memory configured to sequentially store 7. A storage system comprising : 
data in at least one of the plurality of zones , the a host ; 
plurality of zones including at least a first zone and a a storage device including a non - volatile memory and 
second zone , the first zone and the second zone having controller , the non - volatile memory including a plural 
a first compression ratio and a second compression 65 ity of zones and configured to sequentially store data , 
ratio , respectively , the first compression ratio and the and the controller configured to control the non - volatile 
second compression ratio being different ; and memory , the plurality of zones including at least a first 
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zone and a second zone , the first zone and the second 12. An operating method of a storage device including a 
zone having a first compression ratio and a second non - volatile memory including a plurality of zones sequen 
compression ratio , respectively , the first compression tially storing data , the plurality of zones including at least a 
ratio and the second compression ratio being different ; first zone and a second zone , the first zone and the second 

the host is configured to transfer write data and a write 5 zone having a first compression ratio and a second com 
pression ratio , respectively , the first compression ratio and command including a logical address to the storage the second compression ratio being different , the operating device ; and method comprising : the storage device is configured to , receiving , using processing circuitry , a first write com 

identify the first zone of the plurality of zones based on mand and first data from a host ; 
the logical address in response to the write command identifying , using the processing circuitry , the first zone of 
from the host , the plurality of zones based on a first logical address 

compress the write data based on the first compression included in the first write command ; 
ratio , compressing , using the processing circuitry , the first data 

identify an initial write pointer representing a last based on the first compression ratio ; 
storage location of the first zone , identifying , using the processing circuitry , an initial write 

write the compressed write data sequentially to a next pointer representing a last storage location of the first 
zone ; storage location from the last storage location of the 

first zone based on the identified initial write pointer , writing , using the processing circuitry , the compressed 
update the initial write pointer in response to the first data sequentially to a next storage location from 

writing of the compressed write data , and the last storage location of the first zone based on the 
transfer , to the host , information regarding the initial identified initial write pointer ; 

write pointer and information regarding the updated updating , using the processing circuitry , the initial write 
write pointer . pointer in response to the writing of the compressed 

8. The storage system of claim 7 , wherein first data ; and 
the host is configured to transfer , to the storage device , a transferring , using the processing circuitry , information 
management command for setting the plurality of zones regarding the initial write pointer and information 
and a plurality of compression ratios corresponding to regarding the updated write pointer to the host . 
each of the plurality of zones ; and 13. The operating method of claim 12 , further comprising : 

the storage device is configured to set the plurality of storing , using the processing circuitry , mapping informa 
zones , and the corresponding compression ratios asso tion including information related to a mapping of the 
ciated with each of the plurality of zones on the first logical address to a first start physical address and 
non - volatile memory , based on the management com a first finish physical address of a storage location at 
mand received from the host . which the compressed first data is written . 

9. The storage system of claim 8 , wherein the host is 14. The operating method of claim 13 , further comprising : 
configured to generate the management command for setting receiving , using the processing circuitry , a read command 
the plurality of zones based on a number of predicted write from the host , the read command including a second 
accesses which are to be written on the storage device . logical address ; 

10. The storage system of claim 9 , wherein the host is reading , using the processing circuitry , data correspond 
configured to : ing to a second logical address from the non - volatile 

determine the number of predicted write accesses of the memory based on the second logical address and map 
write data ; ping information corresponding to the second logical 

select the first zone from among the plurality of zones address ; 
based on the determined number of predicted write identifying , using the processing circuitry , a zone corre 

sponding to the second logical address among the accesses ; and 
generate a write command including a logical address of plurality of zones ; 

the first zone . decompressing , using the processing circuitry , the read 
11. The storage system of claim 7 , wherein the host is data according to decompression settings correspond 

configured to : ing to the identified zone ; and 
manage a capacity of the first zone based on the infor transferring , using the processing circuitry , the decom 

pressed data to the host . mation about the initial write pointer and the informa 
tion about the updated write pointer . 
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